Starting from N-hydroxyphthalimide 1 and the reactive fluoro-or chloro-nitroaryl derivatives 2, 3 and 4a-e (2-chloro-3,5-dinitropyridine; 3, NBD-chloride; 4a, 1-fluoro-2,4-dinitrobenzene; 4b, picryl chloride; 4c, 4-chloro-3,5-dinitrobenzotrifluoride; 4d, 2-chloro-3,5-dinitrobenzotrifluoride; 4e, 4-chloro-3,5-dinitrobenzoic acid) the corresponding N-(2-nitroaryloxy)-phthalimide derivatives 5a-e, or 6 and 7 were obtained and characterized by IR, UV-Vis 1 H-NMR and 13 C-NMR spectroscopy. The TLC behavior and the hydrophobicity of these derivatives have been experimentally evaluated by R M0 parameters (using RP-TLC). The experimental R M0 parameters were compared with the calculated partition coefficient, log P. A QSPR study was also performed to establish possible correlations between the structure and physical properties (λ max and R M0 ) of compounds 5a-e, 6, and 7.
Introduction
N-Hydroxy-phthalimide 1 (known also as NHPI), is a commercially available compound that is easily synthesized from phthalic anhydride and hydroxylamine [1] (obtained for the first time by Cohn [2] in 1880). This compound is a weak acid (pK a = 6.1) [3, 4] and has a variety of practical uses. Recently, it has been used as a catalyst in oxidation processes, via the phthalimide N-oxyl radical [5] (known as PINO). The PINO radical can be obtained in several ways [5] [6] [7] , and has an important role in the oxidation of a large variety of compounds, including aliphatic hydrocarbons [7, 8] , alkylbenzenes [9, 10] , alcohols and aliphatic amines [11, 12] , benzylamines [13] , N-alkylamides [14] , etc. O-Substituted hydroxylamines have found applications in medicinal chemistry, having antihistaminic and bactericidal properties, as well as being used as prophylactic chemicals in protecting animals against ionizing radiations [15, 16] . Such types of compounds are not easily synthesized, because direct alkylations of the hydroxyl group of the hydroxylamine usually leads to N-substituted derivatives. Thus, for obtaining the O-substituted derivatives, the first step consists in protecting the amino group. The current way to obtain such derivatives starts from 1, which is derivatized with a reactive reagent (i.e., an activated haloderivative), and the resulting compound is treated with acid, hydrazine or hydroxylamine to prepare the expected O-substituted hydroxylamine, possibly followed by deprotection [15, 19] .
Starting from compounds 1, 2, 3 and 4a-e, we report the synthesis of seven nitro-substituted N-(2-nitroaryloxy)-phthalimide derivatives 5a-e, or 6 and 7 ( Fig.1) , where compounds 5a,b were known [15, 19] . All the synthesized compounds were characterized by IR, NMR, UV-Vis and TLC to confirm their structure.
Because such compounds may have some biological activity, we studied their hydrophobicity (lipophilicity) using different chromatographic systems. We also used QSPR (quantitative structure-property relationships) for studying these synthesized compounds 5a-e, 6 and 7 ( Fig. 1 ).
Experimental Procedure
All the starting chemicals (N-hydroxyphthalimide 1, 2-chloro-3,5-dinitropyridine 2, NBD-chloride 3, 1-fluoro-2,4-dinitrobenzene 4a, 4-chloro-3,5-dinitrobenzotrifluoride 4c, 2,4-dinitro-6-trifluoromethylchlorobenzene 4d, and 4-chloro-3,5-dinitrobenzoic acid 4e) were purchased from Sigma-Aldrich and used as received. Picryl chloride 4b was synthesized as we described previously [20] . Preparative and analytical silica gel TLC plates were purchased from Sigma-Aldrich and Merck. Solvents were purchased from Chimopar or Sigma-Aldrich and used without further purification.
UV-Vis spectra were recorded in methanol at room temperature (22 o C) using a UVD-3500 spectrophotometer. IR spectra were recorded in solid state (ATR) on a Bruker Vertex 70 spectrometer.
1 H-NMR and 13 C-NMR spectra were recorded on a Bruker BB300 instrument, using deuterated chloroform or deuterated dimethylsulfoxide as solvent.
Computational details.
The values of octanol-water partition coefficient (log P) for compounds 1, 5a-e, 6, and 7 were calculated by means of the Hyperchem program (trial version [21] ); values of net atomic charges and dipole moments for these compounds were calculated with the MOPAC program (a semiempirical molecular orbital package developed by J. J. P. Stewart [21] ). For the geometry optimization we used the semiempirical PM3 (parametric method number 3) method [21, 22] implemented in the program ArgusLab [23] , because the MM+ [24] force field and the AM1 [25] method did not lead to satisfactory results. The geometry optimizations were performed without symmetry constraints applying the geometry-optimizing routine EF (eigenvector following [26] ) and were completed after reaching a gradient norm of 0.01 kcal mol -1 Ǻ -1 . To obtain the energies displayed in Table 4 we used the Gamess program and hybrid QM/MM force field [27] .
Synthesis of compounds 5a-e, 6, and 7.
The synthesis of these compounds has been performed according to literature data (available for compounds 5a,b) [15, 19] . The general procedure involves the reaction of the reactive chloro-or fluoro-derivatives 2, 3, and 4a-e with N-hydroxyphthalimide 1 in dry acetone as solvent and in the presence of triethylamine. The ratio between these reagents was 1 : 1.1 : 1.2 (halogenderivative : N-hydroxyphthalimide : triethylamine), exception being made for the synthesis of compound 5e, when a twofold excess of triethylamine has been used to neutralize the COOH group. The reaction mixture was stirred at room temperature for at least 2 h, then the mixture was poured into icy water, and allowed to stand overnight at 4 o C. Then the precipitate was filtered off, washed with hexane and dried in a dessicator. If the purity of the final product (as checked by TLC) was not satisfactory, the product was purified by preparative TLC on silica gel using methylene chloride as eluent. 5a (N-(2,4-Dinitrophenyl)oxyphthalimide), yield 88%, mp. 180-183°C, Elemental analysis: calculated for C 13 
d ( N -2 , 4 -D i n i t r o -6 -t r i f l u o r o m e t h y l p h e n y l )

Results and Discussion
Synthesis of compounds 5a-e, 6, and 7.
Compounds 5a-e, 6, and 7 ( Fig. 1) , are easily obtained starting from 1 and the fluoro-or chloro-nitroaryl derivatives, namely 2-chloro-3,5-dinitropyridine 2; 4-chloro-7-nitrobenzofurazan (or 4-chloro-7-nitrobenz-2-oxa-1,3-diazole, NBD chloride) 3; 1-fluoro-2,4-dinitrobenzene 4a; picryl chloride (or 1-chloro-2,4,6-trinitrobenzene) 4b; 4-chloro-3,5-dinitrobenzotrifluoride 4c; 2-chloro-3,5-dinitro-benzotrifluoride 4d; and 4-chloro-3,5-dinitrobenzoic acid 4e.
The reaction was conducted in dry acetone, in the presence of a slight excess of triethylamine as base, to obtain in the first step the corresponding anion from 1 and in the next step an S N Ar process via Meisenheimer σ-anion complexes [28, 29] . The expected products were obtained with yields varying from 40% to 95%, depending on the structure and reactivity of the nitroaryl derivatives 2, 3 and 4a-e. The reaction conditions were similar to those described in the literature [15, 19] (acetone as solvent, triethylamine as base, room temperature), due to the fact that other conditions [16] [17] [18] 30] (i.e., potassium hydroxide as base, DMF as solvent, or ultrasound condition) do not work properly.
Spectral data
The IR spectra of all compounds 5a-e, 6 and 7 confirm the presence of carbonyl groups, with a very intense peak around 1700-1750 cm -1 ; the aromatic hydrogen stretching bands appear around 3100 cm -1 . For compounds 5a-e, 6, and 7, which contain nitro group(s), two characteristic IR bands are noticed at around 1550 cm -1 and 1350 cm -1 . The N-aryloxy bond is characterized by a band at around 900 cm -1 . 1 H-NMR and 13 C-NMR spectra confirm the structure the compounds 5a-e, 6 and 7; thus, in 1 H-NMR the aromatic phthalimide hydrogens appear at around 8 ppm as a multiplet; hydrogens from the nitroaryl group come out as singlets or doublets, depending on the structure, around 8.5-9 ppm. For the fluoro-derivatives 5c,d supplementary splittings are noticed in 13 C-NMR (due to the 19 F atoms). In solid state, compounds 1, 5a-e, 6 and 7 have different colors, from almost white to yellow or red. The UV-Vis spectra recorded in methanol (Table 1) showed that with two exceptions (5a and 5d), the synthesized compounds have two absorption maxima, one of which appears at 350-410 nm. 
TLC investigations
Thin layer chromatography (TLC) is a fast and reliable method for checking compound purity, for the evaluation of hydrophobic/lipophilic properties, and also for the preparative isolation of pure compounds.
TLC behavior
The TLC behavior of compounds 5a-e, 6 and 7 leads to the following observations (Table 1) : (i) depending on the nitroaryl moiety, the R f values decrease in the following order: 5c = 5d > 5a > 6 > 7> 5b > 5e > 1; (ii) the supplementary NO 2 or CF 3 groups increase the R f values through their hydrophobicity (compounds 5b-d), while OH or COOH groups decrease the R f values, due to the strong bonds formed with the stationary phase (compounds 1 and 5e ); (iii) R f for 5a and R f for 6 are explained by the nitrogen atom present in the 2,4-dinitropyridine moiety of the compound 6, which is less basic; (iv) the R f value for the isomeric pair 5c,d is the same; and (v) the comparative R f values of 5a and 7 (ΔR f = 0.12) prove the lower interaction with stationary phase of 2,4-dinitrobenzene moiety, comparatively with the 4-nitrobenzofurazan moiety (NBD).
RP-TLC
Reversed phase thin layer chromatography (RP-TLC) is often used to evaluate the organic-water partitioning properties of solutes [33] [34] [35] [36] . The correlation between structure and activity plays an important role in the study of biological interactions. Among the molecular properties the lipophilicity is important because the biological activity is correlated in QSAR (Quantitative Structure-Activity Relationship) studies with their capacity to cross the lipophilic cell membrane [37] . Along with classical methods of hydrophobicity (lipophilicity) determination by partitioning the compound between a polar and a non-polar solvent pair (usually, n-octanol and water [22, 37] ), RP-TLC is widely used owing to the simplicity and the rapidity of this method. For RP-TLC, this method uses the measurement of R f values obtained using a non-polar stationary phase [18, [33] [34] [35] [36] (silica gel impregnated with paraffin oil, silanized silica gel, C 18 derivatized silica gel, etc.) and two miscible solvents, one of which is water (i.e., alcohol-water, acetone-water, acetonitrile-water, etc.). The R M values necessary for the determination of the hydrophobicity/lipophilicity of the compounds are obtained as shown by Eq. 1 [18, [33] [34] [35] [36] . To measure the specific hydrophobic surface area, the and b) are the best indicators of the lipophilicity and the specific hydrophobic surface area of the compounds [18, [33] [34] [35] [36] .
(1)
We used two analytical systems to measure the hydrophobicity; in the first one, we used silanized silica gel as the stationary phase (Table 2 ).
In the second one, C 18 -derivatized silica was used (Table 3) .
For both systems (Table 2 and Table 3 ), the eluent was a mixture of acetone with water in different proportions (50-85% acetone).
From the data presented in Table 2 and Table 3 , one can notice that the lowest R M0 values have been recorded in the case of compounds 1 and 5e as expected, and the highest values for R M0 have been recorded in the case of the fluoro-derivatives 5c,d (again as expected, it being well known that the trifluoromethyl group has a high hydrophobicity [37] ) and the NBD-derivative 7.
Satisfactory correlations of the calculated [31] logP (as in Table 1 ) with measured R M0 values are obtained: for Table 2 , the coefficient of determination is R 2 = 0.853, the standard deviation is SD = 0.751, and cross-validated R CV 2 = 0.751; for Table 2 :
(3) For the data presented in Table 2 : R M0 =1.336 × logP -0.583 (4) For the data presented in Table 3 : R M0,exp =1.029R M0,calc − 0.052 (5) For the data presented in Table 3 : For more information about the relationship between the structure of the compounds 1, 5a-e, 6, and 7 and their physical-chemical properties, we performed computational studies. For geometry optimization we used programs [22, 23, 26, 31] (see Experimental Procedure). As seen in Fig. 2 , steric hindrance causes marked deviations from planarity in compounds 5b-e and 7.
Calculations using the GAMESS software package [27, 38] were used for total energies of compounds 1, 5a-e, 6, and 7 ( Table 4 ).
The total energy calculated for the compounds 1, 5a-e, 6 and 7 decreases in the following order: 5b>6>7>5e>5c>5d>5a>1 (see the comment at the end of this paragraph justifying the comparison between non-isomeric compounds); these total energies are the sum of the seven types of energies displayed in Table 4 . It is interesting to note that the planar structures (1 and 5a) with no steric strain have the lowest energies.
QSPR studies
Because in physical-chemical properties of compounds 1, 5a-e, 6 and 7 the bonds that play the main role involve phthalimidic heteroatoms and their adjacent carbon atoms (N-O for 1, and N-O-C for 5a-e, 6 and 7), we have calculated the net atomic charges on these atoms (Table 1) [21]. Also we have calculated dipole moments of compounds 1, 5a-e, 6 and 7 (Table 1) The results presented in Table 1 lead to the following observations: (i) the most negative net atomic charges on the hydroxyphthalimidic (NHPI) nitrogen atom are recorded for compounds with three nitro groups (5b), trifluoromethyl group (5c,d) or carboxyl groups (5e); (ii) the most net negative atomic charges on the NHPI oxygen atom are recorded for 2,4-dinitropyridine (6), picryl (5b) and NBD (7) derivatives; (iii) the most positive net atomic charge on the N-O-C carbon atom are recorded for the trifluoromethyl derivative (5c); and (iv) the highest dipole moment is recorded for NBD-derivative (7) . No satisfactory correlation for experimental λ max (Table 1) vs. calculated λ max was obtained using dipole moments plus net atomic charges (Table 1) , but Eq. 7 allowed a fairly good correlation in terms of dipole moments D plus the average information content atomic index of order 0 (AIC 0 ) [39] [40] [41] [42] ; the average information content is defined on the basis of the Shannon information theory and is calculated as in formula I [41, 42] . This is understandable because the dipole moment integrates information about the whole molecule, whereas net atomic charges on a single atom cannot provide such information. where n i is the number of atoms in the i-th class, and n is the total number of atoms in the molecule. 6 and 7 in terms of the average nucleophilic reactivity index for carbon (ANRI C ) [39, 43] and the molecular weight-adjusted hydrophilic-lipophilic balance (HLB) [44, 45] ; ANRI C is the extreme (maximum and minimum) or average value of the simplified nucleophilic (N'A) reactivity indices for a given atomic species in the molecule, defined by formula II [43] . Formula II where the summation is performed over all atomic orbitals at the given atom, and c iHOMO denotes the i-th AO coefficient on the highest occupied molecular orbital (HOMO).
The hydrophilic/lipophilic balance HLB was calculated using formula III [44, 45] : Formula III where Mh is the molecular mass of the hydrophilic portion of the molecule, and M is the molecular mass of the whole molecule, giving a result on an arbitrary scale of 0 to 20.
Values for the calculated [39, 40] R M0 in terms of ANRI C and HLB were obtained by Eq. 9: R M0 = -632.29 (±128.98) ANRI C -0.557 (±0.118) HLB + 12.11 (9) N = 8; R 2 = 0.889; SD = 0.536; R CV 2 = 0.791 Satisfactory correlations [39, 40] (Eqs. 10 and 11) were found for R M0 :
for Table 5 , R M0,exp = 1.029R M0,calc − 0.052 (10) for Table 6 , R M0,exp = R M0,calc (11) The correlations between experimental values and those calculated according to Eqs. 10 and 11 are as follows. For Table 5 , the coefficient of determination is R 2 = 0.927, the standard deviation is SD = 0.155, and cross-validated R CV 2 = 0.907; for Table 2 . b Calculations according to [27, 28] Table 3 . b Calculations according to [27, 28] 
Conclusions
Starting from N-hydroxyphthalimide 1 and reactive nitroaryl derivatives 2, 3 and 4a-e, compounds 5a-e, 6, and 7 were obtained, from which five are new (namely compounds 5c-e, 6, and 7). The IR, 1 H-NMR, 13 C-NMR, and UV-Vis spectra, TLC behavior and experimental hydrophobicity (lipophilicity) measurements were used to characterize all compounds, and computational calculations were performed to correlate them. The QSPR study correlated structures with electronic spectra and the hydrophilic/hydrophobic balance for compounds 1, 5a-e, 6 and 7.
